National Trends Survey (HINTS) was conceived in 1997 during a multidisciplinary conference focused on risk communication with attenders representing the fields of psychology, health behaviour and education, public health, clinical medicine and health journalism. The key recommendation born of this conference encouraged NCI to develop a communication-specific population survey to track trends in US adults' access to, need for and use of health and cancer information. Heeding the call for development of a national communication survey, NCI developed a nationally representative survey to assess trends in cancer-related communication, health information-seeking and cancer-related knowledge, attitudes and behaviour.
tered five times over a 15-year period, with HINTS 4 and 5 including multiple annual cross-sectional data collection cycles. The resulting data (n ¼ 37 365) can be tracked for trends over time or, if there are no trends anticipated a priori, can be aggregated into a larger sample for further analysis. Table 1 summarizes survey design and implementation details for each completed survey administration, including survey field period, survey mode, total sample size, response rate, and number of cancer patients and survivors.
Data collected
HINTS 1 was administered in 2002-03 as a random digit dial (RDD) computer-assisted telephone interview to a representative sample of US households drawn from all telephone exchanges in the US. One adult aged 18 years or older within each household was selected for the extended interview during a household screening. Interviews were conducted in English or Spanish, depending on respondent preference. Further details about the sample and sampling design are published elsewhere.
RDD computer-assisted telephone interview, wherein one adult from each household was selected for an interview. Interviews were conducted in English or Spanish, depending on respondent preference. The second sample frame was a comprehensive national listing of addresses available from the United States Postal Service. These households were administered a mailed survey. In the mail sample, all adults in the household at each sampled address were asked to complete a questionnaire. Thus, the mail sample was a stratified cluster sample, in which the household was the cluster. Further details on the HINTS 3 survey design and operations are published elsewhere. 4 The HINTS 4 administration included four crosssectional mail-mode data collection cycles over 4 years starting in 2011 and concluding in 2014 (Table 1 ). HINTS 4 Cycles 1-4 were administered as mailed questionnaires using a sampling frame of addresses provided by Marketing Systems Group (MSG). The protocol for mailing the questionnaires involved an initial mailing of the questionnaire, followed by a reminder postcard, and up to two additional mailings of the questionnaire as needed for non-responding households. Most households received one survey per mailing (in English), whereas households that were potentially Spanish-speaking received two surveys per mailing (one in English and one in Spanish). In the second stage of sampling, one adult from each sampled household was selected for participation. Further details on the survey design and operations for the HINTS 4 data collection cycles have been previously described. [5] [6] [7] [8] HINTS 5 includes four cross-sectional data collection cycles over 4 years, starting in 2017 and scheduled to end in 2020. The first of the HINTS 5 data collection cycles (HINTS 5, Cycle 1) was conducted in 2017. HINTS 5, Cycle 1 was administered as a single-mode mailed survey using a sampling frame of addresses provided by MSG, following the same protocol as HINTS 4. Further details on the HINTS 5, Cycle 1 data collection have been previously published. 
Data quality
To ensure data quality before data collection, each HINTS administration has included cognitive testing for each HINTS instrument, with testing particularly focused on new questions. The goal of cognitive testing is to provide valid measures of the constructs of interest with a minimum of response error. [10] [11] [12] Testing was conducted on both paper and RDD surveys. After data collection, data quality efforts for the RDD surveys include direct data entry. The computer-assisted telephone interview (CATI) program ensures that proper skip patterns are followed and constrains data entry to valid values for each survey item. The CATI program also allows for range and edit checks on the entry of numerical responses to questions such as age, length of time since last search for health information, servings of fruits or vegetables consumed daily, height and weight and other numerical response questions.
For mailed surveys, post-data collection quality control checks are conducted on the scanned data and electronic images of the survey. Quality assurance staff compare the hard-copy questionnaire with the data captured in the database item-for-item and the images stored in the repository page-for-page, to ensure that all items are correctly captured. Scanned data are validated according to HINTS specifications. Violations of validation rules (such as marking more than one choice box in a mark-only-one question) are flagged and reviewed. Additionally, quality assurance staff closely review frequencies and cross tabulations of the HINTS raw data to identify outliers and to verify openended items.
Survey constructs and measures
Each HINTS administration includes a core set of items. Table 2 summarizes the key constructs represented in the survey core of HINTS and describes the nature of the associated survey items. Core constructs include health information-seeking, cancer prevention and screening, cancerrelated knowledge and behaviour; cancer risk perceptions; 
Data resource use
HINTS data are used by researchers to explore use of different communication channels to obtain health information among the US adult population; these data are also used to assess public knowledge and attitudes about health-relevant topics. HINTS data are used by programme planners to identify health information and communication facilitators and barriers within and across populations, and to inform the development of effective health communication strategies. Social scientists use HINTS data to test and refine their theories of health communication in the information age and to guide recommendations for theory-driven interventions aimed at improving population health.
HINTS data have been used to pursue a wide variety of research questions. To date, there have been more than 400 peer-reviewed articles, published in more than 160 journals, which have used HINTS data, and an edited dedicated book comprising the HINTS knowledge base. 13 As Highly cited articles from these special issues offer examples of the specific research topics pursued through use of HINTS data. Viswanath and colleagues examined the relationship between publicity and knowledge gaps using two cancer topics with varied levels of publicity: knowledge about tobacco and sun exposure.
14 Results indicated that education and income were associated with awareness of the smoking and cancer link despite heavy media attention, and having at least a high school Internet access through dial-up, broadband, cellular network, wireless network; use of internet for health-related reasons; ownership of tablet computers, smartphones, basic cellphones; use of health-related apps; use of social media for health-related reasons Table 3 . Sample size and weighted estimates for HINTS respondents by sociodemographic characteristics education was associated with knowledge of the sun exposure and cancer link. 14 Dillard and colleagues assessed whether perceived risk of developing lung cancer was associated with acceptance of smoking-related myths and beliefs. 19 Those whose perceived that risk was less than their objective risk (unrealistic optimists) were more likely to report: that there is no risk of developing lung cancer among those who smoke only a few years; and that developing lung cancer is determined by genetic factors. Unrealistic optimists were less likely to report an intention to quit smoking. 19 Koch-Weser and colleagues examined sociodemographic factors associated with use of the internet for health information-seeking and found that those who used the internet to seek health information were younger, had higher education and income, preferred numbers to words to describe risk and were more likely to indicate that it is important to get personal medical information electronically. 
Cancer patients and survivors
HINTS data have been extensively used to characterize the experiences of cancer patients and survivors. We conducted a review of the literature to identify published studies using HINTS data focused on cancer patients and survivors. We searched MEDLINE and EMBASE from 1 January 2003 to 15 May 15 2018, using the following search terms: health information national trend* or HINTS as text phrases, AND survivor* or cancer* OR explode neoplasms [MeSH] . This search returned 229 abstracts. All abstracts were reviewed to identify those meeting the following conditions: (i) the study used data from U.S. national collection of the Health Information National Trends Survey (HINTS); and (ii) the study focused on cancer survivors/patients or compared cancer survivors or patients with other populations. Studies that used HINTS items or a HINTS instrument to collect data in a special (non-national) population were excluded, and studies that used cancer history as a control variable (i.e. not a variable of specific interest) were also excluded. A total of 35 articles met the inclusion criteria and were reviewed. The following themes emerged in the focus of the articles reviewed: information seeking trends, experiences and sources [44] [45] [46] [47] [48] [49] [50] [51] ; patient-centred communication and clinical care [52] [53] [54] [55] ; use of internet and mobile technology in health [56] [57] [58] [59] [60] [61] [62] ; health-related behaviour [63] [64] [65] [66] [67] [68] [69] [70] [71] ; cancer cognition [72] [73] [74] ; and health status and health outcomes. [75] [76] [77] Table 4 summarizes the sociodemographic, cancer diagnosis and treatment status characteristics of the crosssectional cohorts of cancer patients and survivors for each relevant HINTS administration. The table summarizes the total number of cancer patients per each survey administration, describes the sociodemographic characteristics thereof and indicates counts and percentages for specific cancer types. Across the survey years, the most frequent cancer types were breast, colon, cervical, skin, prostate, melanoma and endometrial cancer. In each survey year, most cancer patients reported receiving treatment for their cancer (range: 81.5-91.8%), with the majority of respondents reporting at least 2 years since diagnosis. These data offer a rich resource for examination of cancer patients' and survivors' cancer-related knowledge, attitudes and behaviours, as well as their information-seeking experiences and needs.
Strengths and weaknesses
HINTS is unique among national data resources in its focus on health communication and health information. The HINTS programme offers a resource for investigators from diverse disciplines and gives access to data that speak to population use of information and communication resources during a time of unprecedented change in the information and communication landscape. As described above and in Table 4 , HINTS also provides a rich cohort of cancer patient and survivor data for secondary analysis.
Since its inception, the HINTS programme has invested heavily in efforts to ensure that the data are readily and easily accessible and usable for data users and results users. The HINTS website is rich with tools to enable data access and to support data use (see Data resource access section). A variety of materials have also been developed for results users, including an online data display tool, and HINTS Briefs, which summarize key results from HINTS Table 4 . Sample size and weighted estimates for HINTS respondents with a personal history of cancer by sociodemographic characteristics and cancer-related characteristics publications and offer insights into potential applications in public health and clinical practice. HINTS data are cross-sectional; as such, inferences about causality are generally not appropriate. Similar to other national health surveys, response rates for HINTS have declined over time. 78, 79 Lower response rates may introduce bias in the data, but efforts were made in each HINTS administration to reduce potential for bias through sampling and weighting procedures. 4 Additionally, methodological research suggests that the negative impact of declining response rates on data quality may not be as dramatic as previously assumed. 78, 80, 81 The HINTS programme team recently conducted a rigorous non-response bias analysis of data from HINTS 4 (Cycles 1 and 3) to characterize the potential impact of non-response. 82 Findings from this study revealed that many of the demographic influences on non-response (e.g. age, socioeconomic status) can be compensated for through application of standard weighting procedures. 82 More specific results of this non-response analysis involving comparison of response rates among population subgroups, comparison with national benchmarks, and level-of-effort analysis have been previously published. 82 National surveys are usually constrained to measuring constructs with only one or two survey items, to reduce respondent burden. Therefore, the number of items available for measuring complex attitudinal and behavioural constructs is often limited. Although use of single items for measurement of social and behavioural constructs is not ideal, this approach is common in large-scale and national survey research. 17, [83] [84] [85] When compared with validated multi-item scales, single-item measures can have similar test-retest reliability and construct validity 86, 87 ; however, single items are less reliable than scales and may attenuate observed associations. 88 Constraints on survey length may also lead to changes in the survey content over time, thereby limiting the temporal trends and comparisons that may be tracked over time.
While the relatively small sample size for HINTS does not support the calculation of reliable estimates at the state level, innovative geographical information system strategies have been employed to calculate regional geographical estimates, [89] [90] [91] and supplemental funding has been granted to certain NCI-designated comprehensive cancer centres to support collection of HINTS data at the local level. 92 
Data resource access
The HINTS programme has striven from the beginning to enable users to use the HINTS data as easily as possible. 
Profile in a nutshell
• HINTS is as a cross-sectional national survey of noninstitutionalized adults, developed to track trends in cancer-related communication, health informationseeking and cancer-related knowledge, attitudes and behaviour in the US population. It is the only national population-based survey that collects information on the US public's need for, access to and experience with cancer-related information.
• HINTS was first fielded in 2002-03, and has been administered five times over approximately a 15-year period, with HINTS 4 and 5 including multiple data collection cycles (n ¼ 37 365).
• HINTS was initially administered as a random digit dial (RDD) computer-assisted telephone interview to a representative sample of households drawn from all telephone exchanges in the US. In 2008, HINTS was fielded using a mixed-mode (RDD telephone interview and mailed questionnaire), dual-frame (all telephone exchanges in the US and a comprehensive national listing of United States Postal Service addresses) format. Each HINTS administration since 2008 has been conducted as a mailed survey using an address-based sampling frame.
• Each HINTS instrument includes a core set of items to assess: communication technology access and use, health and cancer information-seeking, cancerrelated knowledge and behaviour, cancer risk perceptions and health care access.
• HINTS public use datasets are available for down- 
